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[Fhe authors poiat owt that the 1iquid-phase process of oxida-
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. toAsrdistinguisied from work Gone in Germany, ‘the purpose of industrisl oxi-
dation of long-chain hydrocarbons in the USSR and of research carried out in
cornection with that industriai procesn iz not production of pgtraight-chain
fatty acids resembling as closely as possible the natural aclds of fats and
therefore capeble of replacing the latter. The gbsence, until recently, of &
supply of synthetic psraffin in the CSSR tcgether with the reiative ghortage
of petroleun paraffinz in that cowmtry bave made a development of thie type
impocsible. Oxidation of petroleum hydrocarbons tharefore 18 carried out
priwerily with the aim of producing suvstances which may be chemically differ-
ent from netural fatty acids (they necessarily sre because of the!thigh content
of naphthenes in the crude material); but stili are useful in the manufacture
of eutface active compounds and for other purposes by virtue of posseasing
apecific progerties vhich are different from those of natural products.
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Among the uses developed for such products may be cited the breaking of
petrolewm emulsions, producticn of cutting emuisions for metalworking, manu-
facture of lubricating greazes, and utilization of -the structure-destroying
properties of such products ss & means of increasing the yleld of oil in the
dewvaxing of crude oils either in the presence of polzr or nonpolar solvents.
8t111 other applications have been envisaged.

Work on the problews in question is being cenducted on & cocperative
basis by the Moscow Petroleum Institute imeni Academician I. M. Gubkin,
TeTATIM (Central Institute of Aviaticn Fuels aad 0ils), and the Leningrad
Laboratory of Glavneftesnab (Mein Administratlon of Petroleum Supplies).
Tt was started in 1939 and, after an interruption caused by World War II,
has continued up to the preseat.

[The paper by Teyskovekly and Kiseleva follows. Figures
and tables referred to are append.ed;/

One of the most complex questions arising from the investigation of the
oxidation of petroleum hydrocarbons is undoubtedly that of catalysts. At the
same time, catalysie is a powerful means which, after having been completely
investigated, will allow in the near fubture the transforrition of the oxida-
tion method into one of the fundamental, leading processes in the chemical
reatment ¢f petroleum.

Notwithstanding the fact that contemporary idess on the mechanism of
the veaction of oxidation of hydrocarbous have been formed under the in-
fluence of research of many years, the totel of the accumulated knowledge
has turned out to be inadequate, so that up tc now there is no unified,
universsl, snd exhaustive theory of oxidstion which could get general rec-
ognition.

The question of the mechaniem ¢f oxidation and the applicability of
this or that theory to this queation, as Chernozhukov pointed out correct-
1y(l) , becomes complicated, especisily in the case of complex mixtures of
hyarocarbons as distinguished frew individual hydrocarbons. Even greater
difficulties are ancountered.in the study of. the oxidation of ccmplex mix-
tures of hydrocarbons in the presence of verious catalysts.

For the creation of prarequisites for formulating a uniform conception
of the oxidation of hydrocarbons of this type, we thought it expedient and
essential £irst of all to study in detail one of the fundamental 1inks,
namely, the mechanism of the a:tion of catalysts in liquid-phase oxidation,
especially on the kercsene fractions. :

The choice of thig direction of the investigation wae dictated by the
fact that the liguid-phase process of oxidation of kerosene fractions has,
at this time, been mastered by industry, so that the greatest amount of
experience has been gathered along this 1line.

In the material published below, we polnt out a nunber of phenomens
which were observed in the process of oxidation of various fractions of
kerosene in the presence of colloidal quasi-heterogenecus catalysts.

The first stage of any oxidation process, as treated in contemporary
literature sources, is characterized by the name of "induction period."”
It is definite that this induction period cannot be a phenomenon of any

constancy but depends on the pbysicochemical condition of the raw material,
the quantity and quality of the catalyst, the temperature, etc.
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The 1iterature does not give an exsct characterizaticn of this stage,
but 1t is generally assumed that the induction pericd is the time in the
course of which the oxidation process is greatly slowed down and in which
no noticesble accumalation of reaction rroducts is obgerved.

The question of the role and the behavior of the catalyst during this
period cannot be answered in detail on the beeis of the avajlable invest-
igations. It is knowm only that the presence of positive oxidation accelera-
tors shortens the inductlon period.

Despite the above adduction of intormetion charscterizing the induction
period, and clarifying the phenomena which accompany 1t together with its
role in the entire process of oxidation, nesrly everything 1s still in a
atate of flux. Ow observations showed that the induction period is one of
the most important and cpe of the main stages of the oxidation reaction.
During this period, the catalyst performs ite cwn fucdamental functions,
and the nonditione giving tha cwidation reactlion the currespending velocity

and direction are created.

Experimental Part

As the object for our study we wzed a catalyst of the acidic manganese
naphthenate type, prepared from fractions of naphthenic aclds {obtained from
fractisnation of refined vure narhthenlc acids under a ragidual pressure of
I mm Hg) with an acid muamber of 231.3 =g KOE per gram.

The maphthenic acid fracticp used for the prapamstiom of the catalyst

a3d not contain hydrocarbor compbiscds or &ny inceganic salts.

The magganege naphthenate wae preparsd by the dsuble decompositicn of
sodiun salts of napthenic acids (im the prresence ¢f the kerosene selected
for the experii_at) and chemically pure davsanese sulfate, used in an
equimolecular qusntity.

The refined sclution of mengapepe naphihenate in the kerosene, obtained
by this method,; did not conbtain smy catints of other metals, or sulfate or
othexr anions.

The Kercgene fraction wred in the experiment covered a wide boiling
point range, evaporsting withiu the 1imits of 180 to 310°C, and containing
the following groups of compounds by percent: alkares 49.70, cyclanes 31.83,
arcmatic hydrocarbons 18.36.

The cbservation of the processes taking place dwring the liquid-phase
oxidation was carried oub in an epperatuz epecisiiy ematructed for this
purpose (See Figure 1). The apparatus (rsaction vesgel) was designed in
such & way that it eagily permitted the peasuring ¢ photocalorimetric
characteristics of the solution being examined throughout the process. The
‘method of operations was as foliowa: A strictly constant gravimetric quan- .
tity of kerosene fraction {250 g) was introduced into the reaction vessel.
The kerosene was heated inside the vesesel to the required temperature and
with a constant rate of the tubbling of air.

When the medium had resched the required temperature, the catalyst solu-
tion, which was heated ‘o the same temperature in 81l experiments, was intro-

dused. At the moment when the entiré quantity of catalyst had been introduced,

the conditions were corrected and the obaservation of the process was carried
out. 'ghe temperature during the experiment was maintained with an accuracy
of +1°%. )
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Ac the moment of the introdustion intce the substrate of the catalyst,
the photocurrent { io)’ which rewained constant throughout the experiment,
< wag Pixed at a known value. The vaelues for the photocurrent (1,) throughout
the experimeni for each pericd of time served to characterize t?ie phenomenon
of color change of the solution, a phenimepon which indicates the advahce, of
the oxidation process.

Discussion of R:sults

The control experimsnts showed that from the mement of the introduction
of the catalyst into the sutstrate, an uninterrupted increase in the inten-
sity of the coloration of the golutlon was cbserved, and that this colora-
tion, after having reached a maximum, decreased again.

The indicated phencmencwm, which turned cvt to be regular, was registered
in many cases, and thevefsre £ormed the basie of the planned experiment.

The change of coloraticn of the golution eppeared, seemingly, as the
consequence of some change taking plsce in the state of the catalyst.

We measured the relative increase of the light absorption of a kerosene
golution (log 10/11) with various concentrations cf catalyst, with the other
conditions equal, and obtained thereby & series cf very characteristic curves
{see Figure Z). In ell cases it wss Pownd that the incresse in the light
absorpticn, which grows elcwly at the beginning of the experiment, after a
dePinite interval of time, risas sharply. This holdr true for every glven
concentration of catalyst. Acccrding tc this, the valuve of log 10/'11 rises
up to a certain limiting vsiue. Further on, the zoluticn beccmes lighter, |
and the value of leg 1,/%y gre= down ateadlliy.

Samples of the eolutica examired upder the microscope showed no chango
in the solution up +5 the value of log 101/11 wax. Kowsver, as socn as this
value goes up to the limit, a large quantity of crystals sppears in the
field of vision of the micrsscope. This hears cut the fact that the cata-
iyet changes from the colleidally zoluble state to ancther state, in this
case suspended particles of a dimepainon of 3 to Z. 4,

From the moment of the decresse <2 the value of lcg io/il, a clear and
uninterrupted incresse in the gize of the particles was observed. This period
was msrked and could be observed vieually due to the sudden lightening of the
golution.

It was thus established thet the catalyst in its colloldelly soluble
state is found in the gubstratum for s very short period and then goes over
into a nevw state. We shall conditionally call this pericd the primary state
of the catalyst. This assumpticrn is porsibis because during the time of the
incresge of the value of 1g io/i:L 1o vizible changes take place in the state
of the catalyst.

: It has been esteblished that with increase in the concentration of active
catalyst <- fo other words, cemcentration of active metal -- introduced into
the substrate, the pheucmenon of the transfcrmation ¢f the catalyst into the
new gtate is repéa.ted, but the character and the time during which it is reg-
istered are different.

A\

. The himr\the ‘toncentration of active catalyst, with the other condi-
tiome of the az}#::*geni unchanged, the more rapidly its trsmsformation into
the vey state wil‘.l;-‘s\q?}fw other wnrds, the shorter will be the dura-
tion of S -primary state..
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If the experiment is continued even further sc that the cetalyst will
go over into the new state, we discover a constant increase in the mass of
the particles of the catalyst with a reducticn of their number in the sub-

strate.

The incresge in the mass of the particles of the catelyst changing its
state contributes to the fact that its particles tend to leave the substrate
and settle on the wall of the rescticn vessel umder the influence of the

force of gravity.

After a definite time interval (depending on the concentration of the
active metal, the temperature, etc.), no noticemeble traces of catalyst rer
main in the substrate. This is clearly confirmed by the steedy decrease in
the ash content cf the kercsens fraction being oxidized, which, after a
while, has the same ash content as fresh kerosene (without catalyst) used
for the test (see Table 1). From this statement it is seen that the cato-
iyst does not remain in the substrate during the entire cxidstion process.
The higher the temperature of the experimznt, the gquicker the catalyst 1s
removed. With the increase in temperature, the duration of the primary
state of the catalyst is sharply reduced {see Table 2), and the influence
of the concentraticn of the cetalyst s less proncunced.

One of these important factors, such as the velocity of the alr (its
consumption for the glven apparatus), slthcugh capeble of nmodifying not
only the rate, but also the direction of the cxidation reaction, in this
case does not modify the duration of the ewistence of the primary state
of the catslyst {see Table 3}.

Despite the sharply iucreasing concertraticn of oxygen in the air per
unit of time, the duration of the primary state of the catalyst remalns
unchanged for every given concentration [of the cetalyst/. This permits
us to assume that the concentratlon cof cxygen irn the eir is not the primary
Pactor which estsblishes the prerequisites for the acquisition of new
properties by the catalyst, and that this factor exervs & regulating effect
on the direction and rate of the reaction much later.

From the beginning of ths experiment, i.e., from the moment of the
introduction of the catalyst intc the heated substrate with a definite
concentraticn K, the acid numbers of the solution begin to Iincrease.

The increase of the acid numbers cf the solution, slthough very insig-
nificant, takes place uninterruptedly aud. serves as evidence of interior
change 3 in its chemical composition. It can ‘be assumad that the change
of the acid numbers of the sclution tekes place either st the expense of
the change of the chemical composition of the substrate itself, or of the
orgeaic parts of the catalyst. Most likely both explanations are valid.

The new physical forms acquired by the catvalyst may arise, it seems,
because of the fact that 1t undergoes a chemical change due to the effect
of oxidation products, which are asccumilated during that period, or due
to a direct destructicn of the anicns of the catalyst by the oxygen of
the air. The latier statement, however, dces not agree well with the ma-

! terial compiled above. In fact, the increase of the air velocity, and
consequently, of the concentration of the cxygen of the air, have no in~
fluence on the duration of the primary state of the catalyst. What proba-
bly takes place in the first case is an accumulation of some oxidation
products and their subsequent reaction with the anions of the catalyst.
The sharp increase of the acid number of the substrate is observed only
after the catalyst's transfermation into a new state.
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Evidently, the considerable increase of the acid number could not have
taken place unti). +ve reaction between the accumulating oxidation products
and the organic parts of the catalyst has teen completed (see Figure 3). The
future will show to what extent this assumpticn 1s correct. 1In any case,
energetic development of the procese of oxidation can take place only upop
the conclusion of the period during which the catalyst is present in the pri-

mary state.

It is ipteresting that there is a definite correlation between the
moment when the recorded peroxide compounids appear and the transition of the
catalyst into-the new state. The peroxides appear after a little while.
after the catelyst has acquired new properties. That this is not & chance
occurrence is borme cut by the ract thet the time of the appearance of the
peroxides at various concentrations of catalyst is changed anaiogously to
the change of the perlod of axintence of the Pirst state of the catalyst.

in the catelytic process of oxidation 1s ended at the mcment when the cata-
lyst has acquired new physicochemical properties. Consequently, the induction
period of the catalytic process of oxidation is the pericd of time during
which Par-reaching changes teke place in the naterial of the substrate as well
as in the material of the catalyst. This perizd appears more important, in
thot it undoubtedly predetermines the quantity and the quality of che final
result of the oxidation reaction.

oA o

In conclusion, we would like tc:e:qfress our thanks t¢ O. R. KuzZOoetsov
who has actively participated in the gractical aspects of the present work.

Conclusions

1. The induction pericd of the catalyiic oxidation reacticn is the
time during which the colloidal quasi-het -tgenecus cataiyst assumes new
physicochemical properties.

2. The transition of the catalyst imto the new gtate is a regular
phenomenon for any conditions upder waich the cxidatiov process is carried
out.

3. The time of transition of the catalyst into the nev state 1s func-
tionally comnected with its initial concentration and temperature, but does
not depend on the concentration 2 oxygen o the alr introduced into the
oxidizable substrate.

L4, The catalyst 13 not preasent in the sphere of the vxidation reaction
until its conclusion.
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Table 1. Time Within Which the Ash Content of the Substrate
Being Oxidized Becomes Equal to the Initlal Ash Content
of the Enreac.teg Substrate

Time (min) Within Which
the Agh Content of the
Temp of Substrate Becomes Equal

Expt (%) to 0.0072%

110 21
120
130
1ho
150

217.0
135.0
87.0
40.0
20.0

Table 2. Relation Between the Perlod of the Primary State of
the Catalyst, Its Concentration, aud the Temperature
of the Medium

Conc of Catalyst (on . Duration of Primary State
basis of metal) in Welght of Catalyst at & Temp of

Percent in Reistlon to
Weight of the Substrate. 1100¢C 120°C 1309 1ho°c 150°C 160°C

Minutes
0.0k 120.0 20.8 26.8 12.0 7.0 2.5
0.08 89.5 %0.0 25.0 10.0 7.0 2.5
0.12 73.16 25.5 23.7 7.5 3.5 1.5
0.16 65.0 19.3 20.0 7.5 3.5 0.5
0.2 56.0 18.6 i7.0 1.5 2.5 6.5
Table 3. Relaticn Between the Period of the Primary State of the
Catalyst and the Velcclty of the Air at Constant Tewperature
. ) Daration ¢f Primary State
Conc of Catalyst of Catalyst at the Air Velocity of
{on basis of
metel) in Weight 7.2 9.5 11.9 1.3 16.7 19.0
Percent cm/sec  cmfsec  cm/sec cm/sec  cm/sec  cm/sec
Minutes
0.04 16.0 16.5 16.5 16.5 17.0 16.9
0.06 15.05 16.4 16.3 16.2 16.3 16.5
0.12 1_1}..1 1599 15.0 15.3 15.5 15.8
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Pigure 1. Apperatus for Tavestizating the
1.iquid-Phase Oxidation Process

1- Fractionating column
2- Water separator

3- Oxidation column

ke Outlet

5- Light source

6- Photoelement

Figure 2. Dependence of the Light Absorp- #igure 3. Dynamics of Oxidation as
tion by the Kerosene Solutisn Functior of the Concen-
on Various Concentraticns of tration of Catalyst Under

. Active uatalyst at Constant Constant Experimental
- Tempersature Conditlions
4
227 r—
r 7
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A-j Intensity of light ebsorption, expressed

"ty the logarithm of the ratio of phito A- Acid number of the solution
currents (1g 1,/1,) (in mg KOH)
B- Time from the start of the experiment B- Time (in min)
- (in =in) C- End of the pericd of the pri-
C- Appesrance of particles of changed catalyst; mary state of the catalyst
concentration of catalyst K (ln percent rel- D- Appearance of peroxides
ative to the substrate tested): 1 ~ 0.16; K (in percent): 1 - 0.2;
2 - 0.12; 3 - 0.0G;-k - 0.0b 2 - 0.16; 3 - 0.12; b - 0.08;
' 5 - 0.0k
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